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Fig. 1 Global coordinates and element
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Fig. 3 Stress-strain relationships
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.Table 1" Mechanical ‘properties of materials

E : Young’s modulus 2100.0

G : Modulus of elasticity in shear 810.0

a in Fig. 2 21.0

b in Fig: 2 10.5

(1 2.7

. 2y 2.98

oy : Yield stress Column & Beam 2.88
3 .

L 8 { Brace 2.75

(unit : t/cm?)
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U.D.C.624.014.5: 539.4 Trans. of AL J. BABREELHRICH
No 227. Jan. 1975. 4 227 5 «I8F0 50 4¢

HE
1H

NONLINEAR THREE DIMENSIONAL ANALYSIS
STEEL FRAME STRUCTURE

by Dr. Morihisa Fujimoto* -
Akira Wada** '

Mamoru Iwata ***

‘ Fumltoshl Nakatanl’r Hor
Members of A I J.

1. Introduction _
~ Nowadays, the. geometrlcal nonlinear problem and the material nonlinear problem have been
brought in on a solvable stage by virtue of the stiffness matrix method and the finite element method
which were developed in the late 1950s. For those members of steel frame structures, their deforma-
tion, stresses, strains, .etc. can all be expressed as functions in relation to only the axis of each
member on the assumption that the stresses in the direction. of plate thickness are zero and their
sectional shapes remain unchanged. v ‘ .
In case of steel frame structures, members can be analysed, always provided that the aforesald-
conditions can be assumed, to a considerably refined extent in relation with various nonlinear prob-
lems through utilizing the particular shape of the frame structure.
2. Assumptions for Analysis and Modeling of Structures
.a). Each member is in the application of beam theory and is divided into 5 to 15 beam elements
in order to insure its adherence to large deformation. ,

‘b) Shear deformations which are induced due to bending and local deformation. of sections in
structural members are neglected. »

. ¢).. As for deformation of each element, .deformation in axial direction, bending deformation in

biaxial directions, torsional deformation including warping of sections, and St. Venant’s
torque are taken into account. A

d) Regardless of plastic or elastic condition of sections, it is assumed that the sections remain
plane as far as the bending in biaxial directions is concerned. The same.is assumed also as to
the warping function; that is, a function, w(y, 2) is used whatever the conditions of elas-
v.thIty and plasticity are. ‘

e) This method of analysis can be applied to any shapes. of sections. Each section is d1v1ded into

30 to 40 units (Fig. 2). Then, for each of such units, stress (s,) and.strain (&) in axial
direction are taken into account. , _

f) Yielding phenomena of the section are evaluated by the use of only ¢, and ¢, above, of

. which relationsare. utilized as those in Fig. 3. For the purpose of establishing these relations,
possibilities of repe ated loading, reversal of strain, etc. also arettakenv‘into consideration. .

g).. Stress and strain conditions within the elements are examined at both ends of elements, not

regarding the intermediate parts. Calculation of strain energy involves stress condition of

the inside; however, this can be linearly interpolated from the stress distribution at the both

% Professor of Tokyo Institute of Technology
x# Computer Department, Tokyo Office, Nikken Sekkei Ltd
#¥% Graduate Student of Tokyo Institute of Technology
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ends.

h) As far as St. Venant’s torque is concerned, the behavior of the member is assumed to be
elastic. o ‘ . ,

i) It is assumed the members are connected rigidly at nodal points each other. -

j) In the analysis, due consideration is, ‘without neglecting, given to various area integrals
which indicate properties of section. Therefore, it follows that because coordinate axes can
be set at any adequate position within thé section, coordinate system to the particular section
need not be changed even if the section is subjected to yielding.

3. Method of Analysis

Non-linear method discussed in this paper is the incremental method, also referred to as the ini-

tialstress method, which has developed on a basis of stationary principle of incremental potential ene--
rgy. In this method, prime condieration is given to the incremental potential energy IT (Eq. 7) which
is taken as difference between strain energy U (Eq. 3) expressed in quadratic form of incremental
displacement and potential energy W,, (Eq. 6) of external force which is dispersed through the dis-
placement of the part subjected to external force. By applying variational method in quadratic form
to Eq. 7, a simultaneous linear equation (Eq. 8) with respect to the incremental displacements is
obtained. The equation thus obtained is reformulated and resolved repeatedly by means of a step by
step method and a iteration method. ' o '

4. Stiffness Matrix and Internal Force Vector

a) Whenever each incremental displacement is computed‘, local coordinate system for each ele-

‘ ment is shifted and re-defined so that it passes through the both ends of the element. Here,
the axis of local coordinate is taken on the axial direction of element.
b) The deformation within the element can be expressed by Equations (9), (10), (11) and (12)
" by the use of deformation on the axis; du, dv, 4w and d¢ which show respectively the
incremental displacements along the x, y and =z directions, and the torsional incremental dis-
placement in the axial direction. ' ' o

¢) The incremental strain de; within the element can be expressed by Eq. 14 considering large
deformation. ' ' -

d) Increment of strain energy is divided into four sectors and computed for each of them
as shown in Figs. 5 (a) and (b). ) :

e) The functions of du, 4v, dw, 46,, 46,, 46, and ddp/dx are taken at ends of each element and
displacement function having fourteen unknown coefficient is considered as to each element,
by which numerical integrations of strain energy of each element U are obtained. Thus, U
can be arranged into Eq. 15.

5. Modification due to Increment

" The conditions of strain and stress distributions in the sections at both ends of each element are
modified on a basis of incremental displacement induced at each element. Then, nodal coordinates,
by which geometrical configuration of the structure may be determined, are modified by incremental
displacement and angles of torsion to global coordinate system of each element (#) are modified by
the use of the mean values of rotational analyes at both ends of each element.

6. Examples of Analysis !

In order to examplify the efficiency of this analysis, a few analytical results have been obtained

on (1) non-linear behavior of column which is subjected to repeated biaxial bending moment; (2)
lateral buCkling of beam which is subjected to bending moment; and (3) out-of-plane buckling of
the rigid frame with K-type brace. Figs. 8 thro’ 21 diagrams are related to this method of analysis.
the method of analyses has been well substantiated by comparing the results with those obtained

through experiments and other analysis methods.
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U.D.C. 624.014.2: 699.84
ASEISMIC CAPACITY OF STEEL STRUCTURES (D)
; Rigid Frames with and without Braces

by Dr. MINORU YAMADA, Prof., Kobe Univ., and HIROSHI
KAWAMURA, Assistant, Kobe Univ., Members of A.L]J.

The aseismic capacity of the steel structures which are composed of rigid frames with and without braces is
presented as a figure illustrated in the spase whose coordinates are acceleration response factor, natural period and
damping coefficient. This figure shows that it is reasonable that ‘‘strength’ and ‘‘hysteretic damping capacity’’ are
taken to be the earthquake-resisting factor of frames with and without braces respectively.

As for the frames without braces, the hysteretic damping capacity is estimated analytically based upon the flexu-
ral deformation mechanisms and fatigue characteristics of the structural members and sections composed of plate
elements. By applying the hysteretic damping capacity to the steady-state resonacce of the structures subjected to
forced sinusoidal ground vibrations, a concrete estimation procedure on the aseismic capacity of rigid steel frames
without braces is proposed.

U.D.C. 624.014.5: 539.4

NONLINER THREE DIMENSIONAL ANALYSIS OF STEEL
FRAME STRUCTURE |
(See Page 89)

by Dr. MORIHISA FUJIMOTO, Professor of Tokyo Institute of
‘“Technolgy, AKIRA WADA, Computer Repartment, Tokyo
Office. Nikken Sekkei Ltd., MAMORU IWATA and FUMI-
TOSHI NAKATANI, Graduate Student of Tokyo Instiute of
Technology, Members of A.I.J.

U.D.C. 697.1

THE APPLICATION OF THE THERMAL NETWORK METHOD TO THE
CALCULATION OF THE UNSTEADY HEAT LOAD OF BUILDINGS
(Part 1-Fundamental Theory)

by Dr. YOSHIMI URANO, Prof., Kyushq Univ., OSAMU ISHI-
" HARA, Assist., Kushu Univ., Members of A.I.J.

There are various studies about heat flow through walls using the analogy between heat conduction and electrical
circuits. We also have studied from 1958, single walls using the R-C type electrical analog circuit method as a
thermal network method, and from 1969, the fluctuation of room-air temperature and the application of this method
to the air conditioning load.

Comparison between the value of actual measurement of room-air temperature and cooling load and the thermal
network method has produced good results.

The purpose of this paper, as of the first report is to add to the fundamental theory from the apphcatlon of the
thermal network method to the calculation of the unsteady heat load of bulldmgs

(1) Analogy between one dimensional heat conduction and electrical circuits. )

(2) Description of the thermal network of walls and room, and analysis by 2- P F-matrix method

(3) Study and comparison with the above method and a strict mathematical analysis with regard to the com-
position of the wall and the effect on errors.
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